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The Effect of Multiple Morphine Exposures on State Dependent 
Learning in Rats
Ryan Lacy & Dr. Paula M. Millin, Department of Psychology, Kenyon College
Background
Research with human and animal subjects has shown 
that memory for material acquired in one 
pharmacological state may be impaired when recall is 
attempted in a pharmacologically different state 
(Stahl, Brakke & Lewis, 1999). This phenomenon is 
known as state dependency (SD). Although SD is a 
robust phenomenon, it is important to note that it is 
not ubiquitous and often produces only a partial 
memory decrement (Holloway, 1972).  
Conclusions
These results suggest that multiple exposures to a drug can 
at least partially reduce its ability to induce SD.  Since many 
drugs, including opiod analgesics and ADHD medications, 
are often taken for prolonged periods of time, this finding 
implies that their effects on memory may be less detrimental 
than a traditional interpretation of SD would suggest. 
Purpose & Overview
The current study sought to determine the effect of 
multiple drug exposures on SD. Because tolerance 
develops rapidly to various effects of morphine 
(Siegel, 1975), it was hypothesized that repeated 
morphine exposures might alleviate state dependent 
learning.
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Materials & Methods
Subjects: Thirty-eight adult female Sprague-Dawley rats
Apparatus: Training was conducted in a standard passive avoidance (PA)
apparatus (see picture to right)
Drugs: Morphine sulfate was dissolved in saline at a 5 mg/mL
concentration and was injected subcutaneously at a dose of 5mg/kg
Procedure: Rats received an injection of either morphine (M) or saline (S)
each day for five days. On day 4, rats were trained on a passive avoidance
task 20 minutes following their daily injection. Training involved a single 1-
second inescapable foot-shock (0.8 mA) when the rat crossed from the
white to the black side of the PA chamber. Twenty-four hours later rats were
tested for fear of the black compartment by measuring their latency to
cross from the white to the black compartment. Rats received either M or S
20 minutes prior to this test.
Results
• No group differences at training (F = 1.251, p > 0.05)
• Group differences at test (F = 6.427, p < .001)
• Morphine SD : At test, Group SSSM-S (M = 240, SD =
243.8) had significantly shorter test latencies than
Groups SSSS-S (M = 538, SD = 0; MD = -297.98, p < .001)
and SSSM-M (M = 485, SD = 157; MD = 245.41, p < .01).
• Multiple morphine administrations marginally reduce SD:
Group MMMM-S (M=430, SD=137.9) had similar test
latencies when compared with Group SSSS-S (M=538,
SD=0; MD=-107.14, p > 0.05). However, the difference
between Groups MMMM-S and SSSM-S was only
marginal (MD = -190.83, p = .067).
• Same state is critical: Group SSSS-S and Group SSSM-M
had similar test latencies (MD= 26.09, p > .05).
Group Pre-exposure Training Test
SSSS - S Saline Saline Saline
SSSM - S Saline Morphine Saline
MMMM - S Morphine Morphine Saline
SSSM - M Saline Morphine Morphine
GroupsMorphine Sulfate
An opioid analgesic that 
relieves pain by reducing 
the perception of pain in the 
central nervous system.  
Absorption into the body 
takes approximately 30 
minutes for maximum 
efficacy.
